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THE KING'S RULE: MATHEMATICS AND DISCOVERY 


Introduction 


by Thomas C. O'Brien 


THE KING'S RULE: MATHEMATICS AND DISCOVERY uses a captivating 
fantasy format to address skills at the very heart of scientific 
and mathematical reasoning: the generation and testing of hypotheses. 


Let's take a simple example. Suppose someone says to you 
"1-2-3." Then the same person says "8-9-10." Next comes "34-35-36." 


What's happening here? It might occur to you that the 
person is giving you three consecutive numbers. You have formed 
a hypothesis. How would you test this hypothesis? You might ask 
whether 5-6-7 fits the "rule" that person is using. If you were 
told "Yes, 5-6-7 does fit," you'd feel more secure about your 
hunch. 


But 5-6-7, or even 8-9-10 and 34-35-36, have other common 
properties besides being three consecutive numbers. They are also 
three numbers with a constant jump (in this case, 1). Therefore, 


the numbers 104-108-112 (with a constant jump of 4) would also 
fit the rule. 


So, you could ask whether 5-6-7 fits and you would increase 
your confidence in the hypothesis “three consecutive numbers." 
But if you had several hypotheses in mind, and if you sought both 
confirming and disconfirming evidence, you'd be much more likely 
to discover the correct rule. 


Indeed, all of science, if not all of intelligent life, 
depends upon the generation and testing of hypotheses. We must 
not allow ourselves to be sold on the first idea that comes to 
mind. (Imagine a physician who considers one symptom, say a 
fever, and jumps to a diagnosis -- cholera -- without further 
inquiry. You wouldn't take your Pet Rock to such a person.) 


Despite the importance of hypothesis generating and testing 
in science, mathematics, and other fields, it receives very 
little attention in our school curriculum. 


THE KING'S RULE fills this void, providing rich experiences 
through which students develop critical thinking skills. The 
program is diverse enough to engage elementary students as well 
as adults. 


It does so through a series of number riddles at six levels 
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of difficulty. Although the thinking at higher levels can get 
quite complex, the mathematical knowledge required of players 
does not exceed that of sixth grade math. In each game, players 
are given three numbers related by a "Secret" rule. Players are 
then invited to try three numbers of their own to see whether or 
not the numbers fit the rule. Players can do this as long as 
they want. When they are satisfied that they have made a correct 
diagnosis, they can test their conclusions with a five-question 
quiz. 


The program is based on the research of Professor P.C. Wason 
of the University of London. He researched a single rule ("three 
numbers in increasing order") with Harvard University students at 
Jerome Bruner's Center for Cognitive Studies. Wason used the 
numbers 2-4-6, and he cautioned students to gather as much 
evidence as possible before announcing the rule. 


Given 2-4-6, students almost always asked questions of the 
type, "Does 4-6-8 fit the rule?" Of course the answer was yes. 
After a number of other such questions (e.g. 10-12-14), students 
commonly guessed the rule to be "three consecutive even numbers." 


When told that it was not the rule (The rule was "three 
numbers in ascending order.) and given a second chance, students 
persevered with the 8-10-12 sort of question and "altered" their 
original hypothesis to "The first number is even, the second is 
two more, and the third is two more again." 


In general, Wason found that these highly educated students 
failed to truly test their hypotheses by trying such samples as 
2-4-5, 6-4-2, or 4-8-12. In publishing the research, he chose 
the title "On the Failure to Eliminate Hypotheses." 


THE KING'S RULE thus helps students to build abilities which 
are 1) at the heart of scientific thinking, 2) not systematically 
attended to by present curricula, and 3) widely unavailable even 
to “well-educated” students. 


The program helps its users learn to test alternate hypo- 
theses in an attempt to find the truth. One or two initial quiz 
failures will quickly and brightly illuminate the benefits of 
that process: 


"Gee, I thought I had the rule! But. . .if that's not it, 
then what else could it be .. . and how can I weed out the 
incorrect hunches in order to find the one that will work?" 


Best of all, THE KING'S RULE is fun to play. It's even 
better in groups! 
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THE KING'S RULE: MATHEMATICS AND DISCOVERY 


| 


Press @ for @uiz or RF for Recap. 


Skills: Recognizing numerical patterns and relationships 
Addition, subtraction, multiplication, and division 
Forming and testing hypotheses 
Problem solving 
Developing and using strategies 


Grade Level: 6 - adult 
Reading Level: 4th grade (Fry) 
Time Required: 10 - 20 minutes for each level 


Objectives: 1. To train students to form and test hypotheses. 

2. To build skills in recognizing numerical patterns 
and relationships. 

3. To develop skills in critical thinking and 
problem solving. 


THE KING'S RULE: MATHEMATICS AND DISCOVERY 
Program Overview 


Students playing THE KING'S RULE solve number riddles -- 
guessing the rules that apply to sets of three numbers -- as they 
move from room to room inside a king's castle. The rooms 
correspond to difficulty levels. Students are allowed entrance 
into each room after they have solved three riddles at that 
level. Their ultimate objective is to come face-to-face with the 
King, deep within the fortress, where each player is challenged 
to solve a final series of riddles. To meet the King may take 
Many sittings, even for a very able player. 


The program has six levels of difficulty that correspond to 
five castle rooms and the challenge of the King. They are 


Level l: The Castle Gate 
Level 2: The Guards' Room 
Level 3: The Game Parlour 
Level 4: The Magician's Study 
Level 5: The Royal Suite 
Level 6: The King 


On each level, students are shown three numbers that corres- 
pond to a secret rule. They must generate their own hypotheses 
about the rule, and then test those hypotheses by entering their 
own sets of three numbers for the computer to check against the 
rule. The computer will respond "Yes" to those sets that conform 
to the rule, and "No" to those that don't. When students feel 
confident that they know the rule, they can take a quiz that 
tests their conclusions. 


Students can enter the program on any level left open to 
them by the teacher (see the change option on page 5). After 
solving three consecutive riddles on Levels 1-3, or a total of 
three riddles on Levels 4-6, students are returned to the main 
menu, where they can choose to go to a higher (or lower) level. 


If students fail a quiz by answering any of its questions 
incorrectly, they are given the choice of 


1) again trying the same level/same rule, 

2) trying the same level/different rule, or 

3) returning to the main menu (to choose a lower level). 
For more information on playing sequence, see page 16. 


Students must press the RETURN key [Apple/Commodore] or 
ENTER key [TRS-80] for all inputs except for the student options 
listed in the next section. 
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Student Options 


The following playing options are available to students 
during the program: 


Recap Notepad 


Students testing hypotheses may receive a recap of 
their previous guesses by pressing the R key when the 
computer asks for a number input. 


Quiz Request 


Students finished testing hypotheses may request a quiz 
by pressing the Q key when the computer asks for a number 
input. 


Exiting the Program 


Students may exit the program at any time by simulta- 
neously holding the CONTROL and E keys (the SHIFT, down- 
arrow and E keys on the TRS-80) at any input. 


Teacher Options 


Two teacher options are provided to enrich your use of THE 
KING'S RULE. 


The Change Option: Sound and Level Availability 


By simultaneously pressing the T key with the CONTROL 
[Apple], SHIFT and down-arrow [TRS-80] or (@ [Commodore] 
keys during the menu screen, you can 


* add or delete the program's sound (not available on 
TRS-80), or 
* open or close higher difficulty levels. 


When the sound option is on, the program will emit 
"yes" or "no" tones along with displayed answers during the 
hypothesis testing segment of the program. In situations 
where the sounds would be distractive, the computer can be 
muted. The computer will remain in either mode until you 
use the option again. 


The same option allows you to limit the level at which 
students can enter the program by selectively closing off 
higher difficulty levels. If you decide that Level 4 is the 
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highest at which students should be allowed to enter, you 
may specify so during the option and students will see only 
Levels 1-4 on the main menu. Students playing in this mode 
would still be able to advance to Level 5 by solving a total 
of three riddles at Level 4. They could choose to go back 
to the menu and would then see Levels 1-5 displayed. Like- 
wise, students failing a quiz at Level 3, and then going 
back to the menu, would see only Levels 1-3 displayed. 


Display the Rule Option 


In Levels 3-6, you may press CONTROL and T [Apple], 
SHIFT, down-arrow and T [TRS-80] or [{e and T [Commodore] 
during any hypotheses test screen in order to see the rule 
under which the program is currently operating. Two numbers 
will appear in the lower right-hand corner of the screen. 
The first number is the level; the second is the current 
rule being tested. You can then find that number and its 
corresponding rule in the rules section of this guide (page 
7). 
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THE KING'S RULE: MATHEMATICS AND DISCOVERY 


Difficulty Levels 


Following are descriptions of each difficulty level, 
including the specific rules with examples. Although students 
may enter the program at any level left open by the teacher (see 
the change options on page 5), they should first be encouraged to 
work through the first three levels sequentially. Sequential play 
is not so important in Levels 4, 5 and 6, where rules, example 
sets, and strategies interact in entirely new ways. Students 
should be allowed free reign there. 


DESCRIPTION: 


Rules in Level 1 involve small upward or downward jumps, 
from 1 to 10 inclusive, from the first number to the second to 
the third. All sets presented by the program in Level 1 are 
transparent. That is, they clearly suggest the rules that govern 
them. 


EXAMPLES : 


If the rule is "increasing jumps of 2," and the beginning 
number is 10, the resulting set would be 


10 12 14. 
A typical rule might also be "decreasing jumps of 2," with a 
beginning number of 14, in which case the same three numbers 
could be presented in descending order: 


14 12 10. 


If the rule is "decreasing jumps of 5," the program might 
present the set, 


29 24 19. 


DESCRIPTION: 


Rules found in Level 2 involve constant multiplication or 
division jumps of numbers between 1 and 9 inclusive. They are 
multiplied or divided by numbers between 1 and 5 inclusive. The 
sets presented by the program in Level 2 are also transparent: 
They clearly represent the rules that govern them. 


EXAMPLES: 


A "seed" value is chosen, such as 4. That number is then 
multiplied by a factor between 1] and 5 -- in this case, 2. The 
resulting product is then multiplied by the same factor again. 
The result is 


4 8 16. 


This relationship might also be displayed in descending 
order (representing a different rule -- that of numbers divided 
by 2): 


16 8 4. 


If the rule is "numbers multiplied by 5 -- ascending," the 
numerical example presented by the program could be 


2 10 50 


(the seed number, 2, then that number times the multiple, 5, then 
that product times the multiple). Students testing hypotheses of 
this rule could get acceptance on submissions such as 7-35-175 or 
1-5-25. Submissions of 125-25-5 or 50-10-2 would not be accepted 
since they involve division by 5. 


The following set indicates the rule "divide each succeeding 
number by 4": 


48 12 3 


(48 divided by four, then the resulting quotient divided by four, 
yielding 3). Students testing hypotheses for this rule could get 
acceptance for the submissions 64-16-4, 16-4-l1, or several others. 


Level 3: The Game Parlour 


DESCRIPTION: 


The rules in Level 3 include all of those used in Levels 1 
and 2, with the addition of ten new rules. Again, each set 
presented by the program clearly suggests its rule. The ten new 
rules used in Level 3, along with a numerical example of each, 
are presented below: 


1. Rule: All numbers end in 9. 
Example: 9 29 19 


2. Rule: The third number is the sum of the first two. 
Example: 17 8 25 


3. Rule: The third number is the product of the first two. 
Example: 6 8 48 


4, Rule: All numbers are divisible by 5. 
Example: 25 10 25 


5. Rule: All numbers are divisible by 3. 
Example: 12 6 18 


6. Rule: All numbers are divisible by 10. 
Example: 70 100 20 


7. Rule: The second number is larger than the first, but smaller 
than the third. 
Example: 1 2 6 


8. Rule: The first number minus the second equals the third. 
Example: 18 12 6 


9. Rule: All of the numbers are odd. 
Example: 13 17 7 


10.Rule: The numbers have a common divisor ranging from 1 to 10. 


Example: 56 96 32 (divisor is 8) 
130 70 190 (divisor is 10) 


NOTE: In addition to rules 1-10, a CONTROL-T rule check on 
this level might indicate 


"3-11" (meaning a Level 1 / ascending rule), 
"3-12" (meaning a Level 1 / descending rule), 
"3-13" (meaning a Level 2 / ascending rule), or 
"3-14" (meaning a Level 2 / descending rule). 
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Level 4: The Magician's Study 


DESCRIPTION: 


Level 4 calls for deep thinking. Here, the third number is 
the result of an operation --addition, subtraction, multiplica- 
tion, or division -- involving the first two numbers, and in some 
cases, a constant. The following list of eighteen formulas shows 
how the rules are calculated: 


A: random value from 1 to 9 

B: random value from 1 to 9 

C: a value ranging from 1 to 5, staying constant 
throughout study of the rule 


The program uses INT (Integer) to mean ignore fractional 
parts. 
(INT 4.3 = 4) 


ABS (Absolute value) means ignore the negative sign. 
(ABS -4 = 4) 


Rule First Number Second Number Third Number 
1 A B A*B 
2 A B A-B 
3 A B A*A-1 
4 A B B-A 
bs) A B A 
6 A B A*A 
A B (A-B)* (A-B) 
8 A B INT (A+B/2) 
9 A B (A+B) * (A+B) 
2 2 
10 A B ABS (A - B ) 
11 A B - (A+B) 
12 A B (A+1)*(B+1) 
13 A B A+B+C 
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Level 4 (Continued) 


Rule First Number Second Number Third Number 
14 A B (A*B)-C 

15 A B (A+B) *C 

16 A B (A*B)+C 

17 A B 100-A-B 

18 A B (A+B) *10 
EXAMPLES ; 


The program may present the set 
2 4 8, 


based on the rule, "multiply the first number by the second. 


For the rule (A+B)*10, an example would be 


2 3 50. 
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Level 5: The Royal Suite 


Level 5 differs significantly from previous levels. Here, 
the example sets given by the computer may be deceiving in regard 
to the rules they represent. Therefore, it is especially 
important to critically test several different hypotheses. If 
the student is presented with the set 100-200-300, the rule may 
not be the obvious ("multiples of 100" or “jumps of 100"), but 
something not so obvious, such as "multiples of 2" or "multiples 
of 5." 


Suppose the example set, 100-200-300, represents the latter 
rule "multiples of 5." Many players are likely to assume that 
the rule could be "multiples of 100," and may start the testing 
process by submitting other multiples of 100, such as 300-400- 
500. Since these numbers are also multiples of 5, the test sets 
would be approved. When presented with the quiz, players might 
then be asked to approve or reject the numbers 100-200-45. They 
might think "those numbers are not multiples of 100," and 
accordingly reject the set. Such an answer would be incorrect, 
and the players would fail the quiz. A better strategy would 
have been to test for the rules "multiples of 10," "multiples of 
5,""multiples of 2," and others. In Level 5, students must be 
constantly on guard against being misled, although the computer 
will always tell the truth. 


Following are the guidelines for each "disguised" example 
given by the program, and the actual rule each represents: 


1. Example: Three consecutive even numbers 
Rule: The second number is greater than the first, but less 
than the third. 


2. Example: Three consecutive even numbers 
Rule: The three numbers are even. 


3. Example: Three consecutive odd numbers 
Rule: Any constant difference between the three numbers 


4. Example: Three consecutive numbers 
Rule: The sum of the numbers is divisible by 3. 


5. Example: Three consecutive multiples of 5 
Rule: Numbers in upward jumps of five (e.g. 2-7-12) 


6. Example: The third number is 10 minus the sum of the first two 
numbers. 
Rule: Same aS example 


7. Example: Three multiples of 100 
Rule: Each number is divisible by 5. 
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Level 5 (Continued) 


8. Example: Three consecutive multiples of 10 


Rule: 

9. Example: 
Rule: 

10. Example: 
Rule: 

ll. Example: 
Rule: 


12. Example: 


Rule: 
13. Example: 

Rule: 
14. Example: 

Rule: 
15. Example: 


Rule: 


16. Example: 
Rule: 

17. Example: 
Rule: 


18. Example: 
Rule: 


19. Example: 


Rules: 


The sum of the numbers is divisible by 10 (e.g. 8-3-9). 


The second number is five times the first. The third 
number is five times the second. 
Any three ascending or descending numbers 


The first and second numbers are multiples of 10. 
The third number is the sum of the first two. 
The third number is the sum of the first two. 


The second number equals the third. The first number 
is the second number times the third. 
At least two of the three numbers are equal. 


The first number is a multiple of three. The second 
number is the first plus 2. The third is the second 
plus 2. 

The sum of the numbers is divisible by 3. 


The first number ends with a 9; the second with an 8; 
the third with a 7. 
Same aS example 


The first number is even. The second number is even. 
The third number is the first times the second. 
The third number is divisible by the first two. 


The first number is even. The second is twice the 
first. The third is three times the first. 

The second number is greater than the first but less 
than the third. 


The first number is a multiple of 3. The second number 
is the first plus 3. The third is the second plus 3. 
Any constant upward or downward jump 


The third number is the first number squared plus the 
second number squared. 
Same aS example 


The three numbers are all even. 
The sum of the numbers is even. 


The second number is two times the first. The third 


number is two times the second. 
The numbers are in ascending order. 
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Level 6: The King 


Level 6 uses very simple rules, but is extremely challenging 
because the rules may apply to only one or two of the numbers 
presented by the computer. For example, the program may present 
64-66-68 and the rule would be "the second number is even." 


Following are the guidelines for each "disguised" example 
given by the program, and the actual rule each represents: 


1. Example: The first number is a multiple of 100 plus l. The 
second number is the first plus l, and the third is 
the second plus l. 
Rule: Only one number is even. 


2. Example: The first number is a multiple of 100. The second number 
is the first plus 1. The third is the second plus l. 
Rule: Exactly one number can be evenly divided by 5. 


3. Example: The first two numbers add up to 10. 
Rule: Same as example 


4. Example: The second number is 1. The third is the same as the 
first. 
Rule: The second number is a square. 


5. Example: The first number ends with a 3; the second with a 4; 
the third with a 5. 
Rule: At least one of the numbers ends with a 3. 


6. Example: The third number is a constant ranging from 1 to 20 
less the sum of the first two. 
Rule: Same as example 


7. Example: The first number is a multiple of 4. The second number 
is the first plus 1. The third is the second plus l. 
Rule: At least one number is divisible by 4. 


8. Example: The first number ends with a 9, the second with a 0, 
the third with al. 
Rule: At least one number ends in nine. 


9. Example: The first and third numbers are the same. The second 


number is the first plus l. 
Rule: At least two of the numbers are equal. 
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Level 6 (Continued) 


10. 
ll. 
12. 
13. 
14. 
15. 
16. 


17. 


18. 


19. 


20. 


Example: 
Rule: 
Example: 
Rule: 
Example: 
Rule: 


Example: 


Rule: 


Example: 
Rule: 


Example: 


Rule: 
Example: 
Rule: 


Example: 


Rules: 


Example: 
Rule: 


Example: 
Rule: 


Example: 


Rule: 


The second number equals the first. The third number 
is the first times the second. 
All three numbers are either even or odd. 


The third number is the square of the sum of the first 
two. 
The third number is the largest. 


The first number is even. The second number is the 
first plus 1. The third is the second plus l. 
At least one number is even. 


The first number is a multiple of 1000. The second 
number is the first plus 1. The third is the second 
plus l. 

Only one of the numbers is divisible by 10. 


All three numbers are equal. 
The third number is the average of the first two. 


Each of the three numbers has the form ABC,ABC (typ- 
ical sets presented by the computer would be 947,947 
- 345,345 - 169,169 or 12,012 - 321,321 - 2,002). 

At least one number is divisible by 13. 


The third number is the square of the sum of the first 
two. 
Same aS example 


The first number is the square of an even number. The 
second is the first plus 2; the third is the second 
plus 2. 

The second number is even. 


The third number is the square of the first. 
The third number is the largest. 


The first number is a multiple of 4. The second is 
the first minus 1. The third is the second minus l. 
The first number is the largest. 


The first number is a square of an even number. The 
second is a square of an even number. The third is 
the average of the first two. 

The first number is a square. 
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THE KING'S RULE: MATHEMATICS AND DISCOVERY 


Background on Playing 


The program begins with an illustration of the castle. A 
menu then appears, and students choose the difficulty level 
(castle room) on which to begin. If the teacher has used the 
option of closing off higher levels (see page 5), only those 
levels eligible for play will appear on the menu. 


As students work through the castle, they are met at the 
entrance to each room by a guard. Students are presented with 
the message, "Halt! I am the guardian of the ... room. To pass, 
you must successfully solve three number riddles." Students are 
then given a set of numbers that fit the secret rule, and may 
then form and test various hypotheses by submitting an unlimited 
number of sets for the computer to check against the rule. 


Based upon the program's responses ("Yes [Those numbers fit 
the rule.]" or “No [Those numbers do not fit the rule.]"), the 
students test hypotheses until they feel ready for the quiz. At 
any time, students can get a recap of previous submissions by 
pressing the R key. Students having difficulty in successfully 
selecting numbers that fit the rule (three to six "No"s) will be 
given a hint in the form of another set that also fits the rule. 


Students can call for a quiz by pressing the Q key at any 
input during the hypotheses-testing activity. They are then 
presented with five sets, and must say whether or not each one 
fits the rule. In Level 4, The Magician's Study, students taking 


After correctly answering all five quiz questions, students 
pass the quiz and, depending upon the level, the screen displays 
one of the following objects: 


The Castle Gate (Level 1) -— Key 

The Guards' Room (Level 2) -- Shield 

The Game Parlour (Level 3) -- Chess Piece 
The Magician's Study (Level 4) -- Magic Book 
The Royal Suite (Level 5) -- Flag 


After passing three consecutive quizzes on Levels 1-3, or a 
total of three quizzes on Levels 4-6, students are granted pas- 
sage into the room (or, on Level 6, win the game). They then are 
returned to the main menu, where they can select a higher (if 
applicable) or lower level. Students failing a quiz may choose 
to try the same riddle again, try another riddle at the same 
level, or try riddles at lower levels. 
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In this way, students progress toward the ultimate goal, 
Solving a riddle at the highest level of difficulty -- The King. 
There an illustration of the witty and powerful monarch accompanies 
the climactic "Guess My Rule!" challenge. Each time students win 
a quiz, they are presented with a royal crown. When they win 
three crowns, they win the game. 
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